TITLE 
ELEVATOR SYSTEM 

BACKGROUND OF THE INVENTION 
5 The present invention relates to elevator systems having flat belts supporting the 

elevator car. 

Elevator systems of the kind according to the present invention usually include an 
elevator car and a counterweight which are movable in an elevator shaft or along free- 
standing guide devices. The guide device for the elevator car in that case consists on the 

10 one hand of guide rails which are arranged in a fixed position in the elevator shaft at one 
side of the elevator car and on the other hand of car guide rails fastened to a side of the 
elevator car. For producing the movement, the elevator system includes at least one 
drive with at least one respective drive pulley which by way of support and drive means 
supports the elevator car and the counterweight and transmits the necessary drive forces 

15 to these. 

The support means or drive means are termed support means in the following 
description. 

In the case of conventional elevator systems, steel cables with a round cross- 
section are usually used as support means. However, flat, belt-like support means are 

2 0 increasingly used for more modem systems. 

An elevator system according to the cantilever principle with flat-belt-like 
support means is described in the technical article "Hannover Messe: Neue Idee von 
ContiTech - Hubgurte fiir Aufziige" (ContiTech initiativ, January 1998). 

The article discloses an elevator for automobile body works in which a guide 
25 device, which comprises two guide columns, with integrated counterweight is present on 
one side of an elevating platform. At the upper end the two guide colunms are connected 
together by a platform on which a drive motor is arranged, which acts by way of two 
drive pulleys on two flat support means strands by which the elevating platform and the 
coimterweight can be moved upwardly and downwardly along the guide columns. In 

3 0 each instance one of the flat-belt-like support means is connected, on the side of the 

elevating platform facing the guide device, with the platform and extends from this 
support means fixing point vertically upwards to the side, which faces the elevating 
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platform, of the periphery of the associated drive pulley, loops around this through 1 80° 
and then runs vertically downwards to a second support means fixing point present at the 
counterweight. 

A drawing in the mentioned technical article indicates that with use of the same 
5 technique a passenger elevator car can also be moved instead of the elevating platform. 

For simplification, in the following there is used, instead of different expressions 
for the form of elevator receiving means, only the term "elevator car" which refers 
exclusively to load receiving means in a "cantilever arrangement". 

An elevator system as described in the foregoing has, thanks to the use of flat- 
10 belt-like support means, the advantage that drive pulleys as well as deflecting rollers and 
support rollers can be used with a substantially smaller diameter than would be allowed 
in the case of use of a conventional wire cable. As a consequence of the smaller drive 
pulley diameter the drive torque required at the drive pulley is reduced, whereby a drive 
motor with smaller dimensions can be used. Due to this and thanks to the generally 
15 smaller support means pulley diameter, particularly space-saving elevator systems can be 
realized. 

However, such elevator systems have certain disadvantages. 

As a consequence of the small drive pulley diameter and because, in the case of 
the use of flat belts as support means known measures for improving traction capability, 
2 0 for example undercutting of the cable grooves at the drive pulleys for round support 
means, are not usable, the problem can arise in the case of a relatively large weight ratio 
between fully laden and empty elevating platform or elevator car that the traction forces 
transmissible between drive pulley and flat-belt-like traction means are not sufficient. 

In addition, it is known that in the case of use of flat-belt-like support means 
25 without profiling the running surface, significant problems arise with lateral guidance of 
the support means on the drive pulley and, if they should be present, deflecting rollers 
and support rollers. Experience has shown that there is the risk that the support means 
rubs so strongly against the lateral boundary discs, which are usually present at the drive 
pulleys, deflecting rollers and support rollers, that the support means are damaged. 
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SUMMARY OF THE INVENTION 
The present invention has an object of creating an elevator system in a cantilever 
mode of construction with flat-belt-like support means which does not have the above- 
stated disadvantages. 

5 The proposed solution according to the present invention substantially consists in 

replacing the flat-belt-like support means with flat running surfaces by a wedge-ribbed 
belt. A wedge-ribbed belt has in the region of its running surface several ribs and 
grooves which extend parallel in a belt longitudinal direction and the cross-sections of 
which exhibit flanks extending in a wedge shape. When running around the drive pulley, 
10 at the periphery of which ribs and grooves are similarly present and are complementary 
to those of the wedge-ribbed belt, the wedge-shaped ribs of the wedge-ribbed belt are 
pressed into the wedge-shaped grooves of the drive pulley. In that case, as a consequence 
of the wedge shape the perpendicular forces arising between drive pulley and wedge- 
ribbed belt increase so that an improvement in the traction capability between drive 
1 5 pulley and belt results. 

Moreover, the interengagement of the ribs and grooves of the wedge-ribbed belt 
in those of the pulley and rollers ensures an excellent lateral guidance of the support 
means distributed over several rib and groove flanks. 

The elevator system according to the present invention obviously also embraces 
2 0 embodiments with at least two support means strands (wedge-ribbed belts) arranged 
parallel to one another. 

According to a preferred refinement of the present invention the cross-sections of 
the ribs and grooves of the wedge-ribbed belt are substantially triangular or trapezixmi- 
shaped. Wedge-ribbed belts with triangular or trapezitmi-shaped ribs and grooves can be 
2 5 manufactured particularly simply and economically. 

An advantageous compromise between the demands on running quietness and on 
traction capability is achieved if the triangular or wedge-shaped ribs and grooves have 
between the lateral flanks thereof an angle which lies between 80*^ and 100°. 

In a particularly suitable form of embodiment of the elevator system according to 
30 the present invention wedge-ribbed belts are present in which the angle between the 
lateral flanks of the ribs and grooves amounts to 90°. 
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Wedge-ribbed belts which allow particularly small bending radii, i.e. are suitable 
for use in combination with drive pulleys, deflecting rollers and support rollers with 
particularly small diameters, have transverse grooves on a side provided with ribs and 
grooves. The bending stresses, which arise when running around pulleys and rollers, in 
5 the wedge-ribbed belt are thus substantially reduced. 

To ensure sufficient operational safety of the elevator system several separate 
wedge-ribbed belts arranged parallel to one another are provided as support means. 

Particularly significant advantages with respect to the torque required at the drive 
pulley and thus the dimensions of the drive motor as well as with respect to the overall 
10 dimensions of the elevator installation are achieved by an elevator system according to 
the present invention of at least the drive pulley, but also all deflecting or support rollers 
which may happen to be present have an outer diameter of 70 millimeters to 100 
millimeters. Previous tests have led to recognition that the diverse requirements and load 
limits can be fulfilled in optimum manner by pulley and outer diameters of 85 
15 millimeters. 

According to a preferred embodiment of the present invention two vertical guide 
columns are installed in stationary positions on one side of the elevator car and have 
guide rails for the counterweight and elevator car arranged between the guide columns. 
The drive motor, drive pulley shaft and drive pulley are in that case mounted on a drive 

2 0 bracket which is carried by at least one of the guide columns. It is thus achieved that the 

vertical loads, which act on the drive pulley, and the weight of the drive motor are for the 
greatest part conducted by way of the guide columns into the foundation of the elevator 
shaft and do not load the walls of the elevator shaft. 

The drive motor, which is equipped with an integrated brake, the drive pulley 
25 shaft and the drive pulley are placed in a space which lies between the wall, which is at 
the guide side, of the elevator car disposed in its uppermost position and the wall, which 
is at the guide side, of the elevator shaft, wherein the axis of the drive pulley is arranged 
horizontally and parallel to the wall of the elevator car at the guide side. With this 
elevator arrangement the dimensions, which tum out to be small thanks to the use of 

3 0 wedge-ribbed belts as support means, of the drive pulleys and the drive motor are used 

for the purpose of so £irranging the entire drive that only a minimum shaft head height is 
required above the elevator car standing in its uppermost position. 
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The wedge-ribbed belt serving as support means is connected on the side, which 
faces the guide device of the elevator car at a first support means fixing point with this, 
extends fi:*om this first support means fixing point vertically upwards to the side, which 
faces the elevator car, of the periphery of the associated drive pulley, loops around the 
5 drive pulley by 180° and then runs vertically downwards to a second support means 
fixing point present at the counterweight. This particularly simple and economic support 
means arrangement can be realized, in the case of a large ratio between the weights of the 
flail and the empty elevator car, virtually only thanks to the increased traction capability 
of the wedge-ribbed belt. 

10 An additional reduction in the dimensions of the drive motor and thus a 

minimization of the installation space, which is required between the wall of the elevator 
car at the guide side and the wall of the elevator shaft at the guide side, for the drive can 
be achieved in that there is installed between the drive output shaft of the drive motor 
and the drive pulley shaft a belt transmission by which the drive output torque of the 

1 5 drive motor required at the drive output shaft of the drive motor is reduced. 

A high degree of operational safety of the belt transmission with virtually slip- 
fi-ee torque transmission can be achieved if the transmission is realized with a cogged belt 
or v^th a wedge-ribbed belt. 

20 DESCRIPTION OF THE DRAWINGS 

The above, as well as other advantages of the present invention, will become 
readily apparent to those skilled in the art from the following detailed description of a 
preferred embodiment when considered in the light of the accompanying drawings in 
which: 

25 Fig. 1 is a firagmentary firont elevation cross-sectional view through an elevator 

system according to the present invention; 

Fig. 2 is a cross-sectional plan view of the elevator system according to the 
present invention taken along the line II-II in Fig. 1 ; 

Fig. 3 is a perspective cross-sectional view of a wedge-ribbed belt according to 
3 0 the present invention with triangular ribs and grooves; and 

Fig. 4 is a perspective cross-sectional view of a wedge-ribbed belt according to 
the present invention with trapezium-shaped ribs and grooves. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figs. 1 and 2 show an elevator system according to the present invention. Fig. 1 
corresponds with a section through the elevator car parallel to its front side. Fig. 2 
illustrates a horizontal section, which is taken through the shaft head region, through the 
5 elevator system, the position of which is marked in Fig. 1 by the line II - II. An elevator 
shaft is characterized by reference numeral 1, in which a drive motor 2 moves, by way of 
a drive pulley 16 and flat-belt-like support means 12, an elevator car 3 of a cantilever 
mode of construction and a coxmterweight 8 upwardly and downwardly. The elevator car 
3 is guided by means of car guide shoes 4 at two car guide rails 5 and the counterweight 

10 8 is guided by means of counterweight guide shoes 9 at two counterweight guide rails 10. 
The mentioned guide rails are each part of two vertical guide columns 7, which are fixed 
laterally of the elevator car 3 in stationary positions in the elevator shaft 1. 

The drive motor 2, preferably an asynchronous motor with integrated brake unit, 
is arranged in the shaft head region between the wall, which is at the guide side, of the 

15 elevator car 3 standing in its uppermost position and the wall, which is at the guide side, 
of the elevator shaft 1 and drives the drive pulley 16 which acts on several wedge-ribbed 
belts 12 by way of a belt transmission 17. The axis of the drive pulley 16 is arranged 
horizontally and parallel to the wall of the elevator car at the guide side. In order to be 
able to design the mentioned installation space for the drive to be as narrow as possible 

20 the support means 12 are constructed as wedge-ribbed belts. It is thereby achieved that 
the drive pulley 16 with a dieimeter of 70 millimeters to 100 millimeters - preferably 85 
millimeters - is sufficient in order to transmit the necessary traction force to the support 
means and in that case to avoid an impermissibly high loading of the support means in 
bending. Thanks to the small drive pulley diameter the torque to be applied to the drive 

25 pulley shaft is, for a given traction force, correspondingly small. The drive torque 
demanded of the drive motor 2 is additionally reduced with the help of the belt 
transmission 17. Since the diameter of electric motors is approximately proportional to 
the torque which can be generated, the dimensions of the drive motor 2 and thus of the 
entire installation space for the described drive arrangement are kept to a minimum. 

3 0 The drive motor 2, a motor belt pulley 17.1, a belt pulley 17.2 acting on a drive 

pulley shaft 15 as well as the belt transmission 17, which comprises cogged belts or 
wedge-ribbed belts 17.3, and the drive pulley sheift 15 with the drive pulley 16 are 
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fastened to or mounted on a drive bracket 13 which is fastened to the two guide columns 
7. The weight forces and acceleration forces from the elevator car 3 and the 
counterweight 8 and acting by way of the support means on the drive pulley are for the 
greatest part conducted by way of the guide columns 7 into the foundation of the elevator 
5 shaft 1 so that the walls of the elevator shaft 1 are not loaded. 

The wedge-ribbed belts 12 serving as support means are fastened by one end 
thereof to a beam 20 projecting at the guide side fi-om a car floor 6 of the elevator car 3. 
From this first support means fixing point 18 the wedge-ribbed belt 12 extends upwards 
to the side, which faces the elevator car 3, of the periphery of the drive pulley 16, loops 
10 around this by approximately 180°, and extends from the side, which is remote from the 
elevator car, of the periphery of the drive pulley downwardly to a second support means 
fixing point 19 present at the upper side of the counterweight 8. 

The present description always refers, for the sake of simplicity, to an elevator 
system with several support means strands arranged parallel to one another. The drive 
15 pulley can in that case be integral or assembled firom several wedge-ribbed discs. 
Obviously, the elevator system according to the present invention can also be constructed 
with only one support means strand (wedge-ribbed belt) insofar as this guarantees the 
actually required operating safety. 

Figs. 3 and 4 show possible embodiments 12.1 and 12.2 of the wedge-ribbed belt 

2 0 12, which is usable for the elevator system according to the present invention, with ribs 

and grooves oriented in a longitudinal direction of the belt. Preferably at least that layer 
of the wedge-ribbed belt 12 containing the ribs and grooves is made of polyurethane. 

In Figs. 3 and 4 it can also be recognized that the wedge-ribbed belt 12 contains 
tensile carriers 25 which are oriented in the longitudinal direction thereof and which 
25 consist of metallic strands (for example, steel strands) or non-metallic strands (for 
example: of synthetic fibers or chemical fibers). Tensile carriers can also be present in 
the form of metallic flat pieces of fabric or flat pieces of fabric made from synthetic 
fibers. Tensile carriers impart to the wedge-ribbed belt 12 the requisite tensile strength 
and/or longitudinal stiffness. 

3 0 In the case of the embodiment 12.1 according to Fig. 3, a plurality of ribs 23.1 

and grooves 24.1 formed in a running surface have a triangular cross-section. In the case 
of the embodiment 12.2 according to Fig. 4, a plurality of ribs 23.2 and grooves 24.2 
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formed in the running surface have a trapezium-shaped cross-section. An angle "b" 
present between the flanks of a rib or a groove influences the operating characteristics of 
a wedge-ribbed belt, particularly the running quietness thereof and the traction capability 
thereof. Tests have shown that it is applicable within certain limits that the larger the 
5 angle "b" the better the nmning quietness and the worse the traction capability. With 
consideration of the demands on running quietness as well as traction capability the angle 
"b" should lie between 80° and 100°. An optimum compromise between the opposing 
requirements is achieved by wedge-ribbed belts in which the angle "b" lies at 
approximately 90°. 

10 A further embodiment of the wedge-ribbed belt 12 is recognizable from Fig. 4. 

The wedge-ribbed belt 12.2 has, apart from the wedge-shaped ribs 23.2 and grooves 24.2, 
also transverse grooves 26. These transverse grooves 26 improve the flexibility of the 
wedge-ribbed belt 12.1 in bending so that this can co-operate with belt pulleys with 
extremely small diameters. 

15 In accordance with the provisions of the patent statutes, the present invention has 

been described in what is considered to represent its preferred embodiment. However, it 
should be noted that the invention can be practiced otherwise than as specifically 
illustrated and described without departing from its spirit or scope. 
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